Streptomyces species are most widely known for their production of antimicrobial substances and, apart from mycetoma, have rarely been reported as a cause of infection. We describe a patient with early human immunodeficiency virus infection who presented with fever, cough, and nodular pulmonary infiltrates. Open lung biopsy revealed necrotic tissue and a sulfur granule; aerobic bacterial cultures yielded Streptomyces species. The patient was treated successfully with clarithromycin for 6 months. We review the clinical presentation and treatment of invasive streptomyces infections.
Members of the genus Streptomyces are aerobic actinomy-
Therapy with ceftriaxone and prophylactic doses of trimethoprim-sulfamethoxazole (TMP-SMZ) was started while cetes known for the production of antibiotics used to treat bacterial, mycobacterial, fungal, and parasitic infections. Strepawaiting further diagnostic studies. An open lung biopsy revealed acute and organizing pneumonia with focal necrosis and tomyces species can also cause human disease. Mycetoma, a chronic suppurative infection of the skin and underlying soft a sulfur granule (figure 2). Within the sulfur granule there was evidence of branching organisms with a beaded appearance on tissue, is the most common presentation of streptomyces infection; visceral infections with these organisms appear to be rare.
gram staining. Aerobic culture of the tissue biopsy specimen on blood agar yielded a beaded gram-positive bacterium that We report a case of pneumonia caused by Streptomyces species did not stain partially acid fast. All anaerobic, fungal, and in a patient with HIV infection, and we review the literature mycobacterial cultures of the operative specimen were negaon invasive streptomyces infections.
tive. This organism was identified as Streptomyces on the basis of morphology; negative partial acid-fast staining; sensitivity Case Report to lysozyme; and hydrolysis of xanthine, tyrosine, and casein [1] . The organism was confirmed to be a Streptomyces species A 43-year-old male presented with complaints of progressive at the Centers for Disease Control and Prevention (CDC) on weight loss over 2 months, night sweats and fatigue of 2 weeks' the basis of cell-wall studies that demonstrated the presence of duration, a nonproductive cough, dyspnea, and pleuritic chest L-diaminopimelic acid [1, 2] . A susceptibility panel performed pain. HIV infection had been diagnosed 8 years previously; with use of the broth microdilution technique at the CDC his most recent CD4 cell count was 800/mm 3 . Notable findings showed that the isolate was susceptible to TMP-SMZ (MIC, of the initial physical examination included a temperature of õ0.06/1.19 mg/mL), imipenem (MIC Å 0.25 mg/mL), ceftriax-38.9ЊC, diffuse inspiratory crackles, and a right-sided pleural one (MIC, õ1.0 mg/mL), and clarithromycin (MIC, õ0.13 friction rub. The patient had no evidence of dental abnormalimg/mL) [3]. ties. Laboratory tests revealed a WBC count of 15,800
The patient's condition improved clinically after treatment cells/mm 3 and modest increases in levels of alkaline phosphawith ceftriaxone, which was switched to that with oral tase, lactate dehydrogenase, and hepatic transaminases. A chest TMP-SMZ (double-strength t.i.d.). He subsequently developed radiograph ( figure 1A) showed multiple, 0. 5 -3.0-cm, nodular fevers and a rash, necessitating discontinuation of TMP-SMZ. opacities in both lung fields; a CT scan of the chest did not He was then treated with clarithromycin (500 mg b.i.d.) on the show any cavitation within these lesions or any intrathoracic basis of the in vitro susceptibility data as well as intolerance lymphadenopathy ( figure 1B ). An initial sputum culture yielded of TMP-SMZ, and his symptoms abated within 1 month. The normal oral flora. nodular infiltrates resolved after 3 months. Treatment with clarithromycin was discontinued after 6 months, and no signs of relapse have been observed in follow-up evaluations performed mycetales. At one time these microorganisms were classified ing rapidly as new techniques allow more specific differentiaas fungi because they possess true aerial hyphae, but they are tion. now recognized as bacteria. Most actinomycetes are gram-
The clinical significance of recovering this organism is often positive, filamentous, partially acid-fast, branched bacteria.
unclear because there have been many reports of isolation of Species of the genus Streptomyces are characterized by formaStreptomyces species without definitive evidence of its pathotion of extensive, branched aerial hyphae with long chains of genic role. S. violaceoruber, S. coelicolor, and S. albus have conidia and the cell-wall peptidoglycan L-diaminopimelic acid been isolated from dental caries, blood, tonsils, skin, and spu- [1, 2] . The natural habitat of most Streptomyces species is the tum [4] . S. candidus has been isolated from the purulent exudate soil, where they are found on surfaces that support their myceof a fractured patella, S. horton from pus, and S. willmorei lial growth [4] . More than 3,100 Streptomyces species have from a liver abscess [4] . In addition, S. gedaensis has been been described [5] . Initially, identification to the species level recovered from sputum and abscesses [4] . However, none of was based on subjectively chosen morphological features. Rethese reports described the Streptomyces species as the princicently, morphological characteristics have given way to more pal pathogen. Therefore, the role of Streptomyces species in objective classification methods such as rapid enzyme tests of visceral infections has been controversial in the setting of fluorophores [5, 6] . Currently, the species taxonomy is changmixed infections in which other probable primary pathogens have also been isolated. The present case was unusual, as only three other cases of streptomyces pneumonia have been described [7 -9] . It clearly illustrates the potential of Streptomyces species to cause invasive infection. Streptomyces was determined to be the primary pathogen because the histopathological finding of a sulfur granule was compatible with the presence of this organism, other pathogens were excluded by culture, and Streptomyces species were isolated in pure culture of the tissue specimens. In addition, the response to therapy was dramatic, although the therapy was active against organisms other than Streptomyces species.
Histopathologic examination of the lung biopsy specimen revealed a sulfur granule, a finding typical of visceral actinomyces infection and visceral botryomycosis caused by bacteria such as Staphylococcus aureus and species of Pseudomonas or Proteus. In contrast, Nocardia species have been reported to cause sulfur granules in mycetomas but not in visceral infections [10] . Thus, we may add Streptomyces species to the list To identify all reports of invasive disease due to Streptomywith peritonitis was caused by S. somaliensis [15] ; and a case of endocarditis has been attributed to Streptomyces species ces species, we performed a MEDLINE search of the worldwide literature through January 1997 and reviewed the refer- [16] . In the majority of these cases, the outcome was good, with resolution of the infection. Treatment included many different ences from previous papers on Streptomyces. Mycetomas are the most common clinical presentation of streptomyces infecantimicrobials, some with in vitro activity against Streptomyces species. tion, and S. somaliensis has been identified as one of the principal etiologic agents of actinomycetoma in South America, AfInfections caused by aerobic actinomycetes in patients with HIV disease have been attributed predominantly to Nocardia rica, India, Mexico, Malaysia, and the United States [11, 12] . The clinical presentation, microbiology, and treatment of myceand Rhodococcus species. There have been only three case reports of streptomyces infection in HIV-infected patients. A toma have been reviewed previously; thus, we did not include this manifestation of streptomyces infection in our review. We report by Caron and colleagues [8] described a man with advanced HIV infection and nodular infiltrates on a chest radiodefined invasive disease as infection other than superficial skin infections or mycetoma.
graph. Streptomyces species grew in culture of a bronchoscopic specimen [8] . Ahmed and colleagues [9] described a case of There have been only a few reports of Streptomyces species causing infection other than mycetoma (table 1) . Streptomyces streptomyces pneumonia and monoarthritis in a patient with advanced HIV disease. A case of lymphadenitis was attributed species have been described as the cause of septicemia and primary lung involvement [7] ; Streptomyces was cultured in a to Streptomyces species in an HIV-infected patient; however, Mycobacterium tuberculosis also grew in culture [17] . It is of case of chronic pericarditis in which extensive disease was observed in histopathologic specimens [13] ; a brain abscess interest that rhodococcus and nocardia infections in HIV-positive patients can present as nodular infiltrates, similar to the has been attributed to S. griseus [14] ; an abdominal abscess [8] .
Invasive streptomyces infection may be more common than
